Introduction
Clonal analysis has been used in Drosophila to ascertain (1) cell lineage relationships of adult structures and (2) topological relationships among the presumptive cells of those structures. In the present paper we analyse these properties in preblastoderm genetic mosaics. These mosaics can be generated by chromosome loss in the first zygotic divisions. Whereas the loss of the X-chromosome, in female zygotes, gives rise to gynandromorphs, loss of the autosomes, excepting the 4th chromosome, leads to inviable mosaics (Sturtevant, 1929) . We will designate such mosaics "chromosome-loss mosaics" to distinguish them from mosaics caused by mitotic recombination.
Experiments using mitotic recombination with Minute mutants have shown that the allelic condition for Minute affects, the cell proliferation rate of the epidermal cells autonomously (Morata and Ripoll, t975; Ferrfis, 1975) . As a result of growth competition between M/M + and M +/M + cells, which have different growth rates, fixed mosaic demarcation lines have been detected in 338 A. Ferrfis and A. Garcia-Bellido the development of the imaginal discs. These lines delimit regions called "compartments" (Garcia-Bellido et al., 1973 , 1976 Steiner, 1976; Baker, 1977) . Whilst cell proliferation rate is equal in male and female cells in gynandromorphs (Garcia-Bellido and Merriam, 1969) , the haplo-and diplo-IV cells of 4th chromosome mosaics would be expected to have different proliferation rates. This is so because haplo-IV territories are Minute in phenotype, as a consequence of the haplo-insufficient condition of the single Minute locus present in this chromosome (Hochman, 1971) . In a similar way, sex chromosome mosaics that generate M/M + and M+/M + territories should also show competition during development.
In the present paper we analyse the effects of early chromosome loss (associated with the creation of Minute mosaics) upon segmentation in early embryogenesis and compartmentalization during imaginal disc development. If there were no differential division rates among the proliferating syncytial nuclei, subsequent growth competition among the postblastoderm cells would permit the detection of segmental and compartmental boundaries, for both external and internal tissues, in these mosaics.
Material and Methods
Chromosomal loss was caused by the mutation ca nd of Drosophila melanogaster (Lewis and Gencarella, 1952; Davis, 1969) , a homologous mutation to the ca allele of D. simulans (Sturtevant, 1929; Garcia-Bellido and Merriam, 1969) . Females homozygous for ca nd tend to lose the maternally derived X and/or fourth (IV) chromosome in the first divisions of the zygote.
Mosaics were generated by the following crosses:
(1) 9 Y: eand; Dp(1 ; 4) 
In these experiments the loss of the X chromosome was labelled by the appearance of f36a (crosses 1 and 3) and the loss of the IV chromosome by either y (using the Dp(1;4)sc H, y+ element of T(1;4)sc H, cross(l) or sv de (cross 2). While y and sv de are cell markers that affect the chaetae, .floa also affects trichomes (see Lindsley and Gretl, 1968 for further description of the chromosomes and mutants used).
Minute mosaics were produced as follows: in cross 1 the loss of the Dp (1,'4) sc H chromosome created haplo-IV tissue (M(4)) labelled with y, and the loss of the maternal X in females created gynandromorphs withf 36a male tissue. In cross 2, the loss of the maternal IV chromosome uncovered svde, thus marking the haplo-IV (M(4)) tissue.
In the T(1;2)Bld translocation the X centromere carries the M(1)Bld and the M(2)c" alleles, whereas the II centromere carries the reciprocal M(t)Btd + and M(2)c alleles. Thus, in cross 3, the loss of the element attached to the X-centromere [XP; II D segregant element of T(1;2)Bld] in T(1;2)Bld/f 36a female zygotes gives rise to mosaics with M(2)c/+ male tissue labelled withf 36" and female M +/M + tissue; similarly the same loss in M(1)Bld/y 6a female zygotes leads to mosaics with M + male tissue labelled withF6a and M(1)Bld/+ female tissue.
We have used regular gynandromorphs as controls on Minute mosaicism. These originate from ClB/f 36a zygotes by the loss of the maternal C1B chromosome (cross 3). Data from gynandromorphs generated by the spontaneous loss of the ring chromosome in R(t)2, wvC/yf 36a zygotes have been included for comparison. These gynanders were those previously studied by Garcia-Bellido and Ferr6s (1975) .
Flies of the various genetic constitutions from these crosses were scored and the mosaic flies described in mimeographed outlines of the adult fly (Fig. 1) . The mosaics were then mounted in Euparal for detailed microscopic investigation. 
Y

Results
L Parameters Affecting Chromosome Loss
It was shown by Sturtevant (1929) in D. simulans, and verified using the ca nd allele of D. melanogaster (Lewis and Gencarella, 1952; Davis, 1969) that among the few viable progeny (10%) of ca nd females, several viable phenotypes appear, a proportion of which are X and IV-chromosome mosaics (Table 1) . This mosaicism has been considered to be due to chromosome loss during ~he first zygotic divisions (Garcia-Bellido and Merriam, 1969) . The mosaics resulting from cross 1, where both male and haplo-IV tissue are labelled with markers scorable over the entire cuticle, show that chromosome loss can also ocur in, at least, a second cleavage division. The analysis of the phenotype of mutant territories allows us to distinguish between simultaneous and delayed, coincident and non-coincident chromosome loss. Among 26 double mosaics, 2 mosaics containing y and if6 in separate (non-coincident) territories and 24 mosaics with overlapping (coincident) y and J36a spots were found. In the latter group 5 mosaics with either y orff 6a territories included smallerff 6a or y (delayed Table 1 . "Chromosome-loss mosaics", (gynandromorphs and hapIo-IV), generated in three different crosses. In parentheses are percentages of mosaics relative to the total number of adults of each genetic class e as sex lllOSaics d with SV de e phenotypically not scorable loss) spots. These numbers, although small, suggest that chromosome loss is more frequent in the same cell lineage (coincident) and that a second (or further) chromosome loss (delayed) ocurrs in 20% of the mosaics.
In cross 3, the meiotic segregation of the translocation T(1 ;2)Bld elements gives rise to normal euploid zygotes: CIB/p 6 (controls) and T(1;2)Bld/f 36, and the aneuploids M(1)Bld/f 86 and CIB/f36; M(2)c~ +. The data presented in Table  1 demonstrate that aneuploid zygotes and zygotes creating Minute mosaics are less viable than euploid ones. The lower frequency of gynanders in T(I ;2)Bld/f 36 females is probably due to the reduced viability of the chromosome mosaics carrying male M(2)c territories, for haplo-IV mosaics in this class are as frequent as in the other scorable class of the same cross.
The phenotypes found in these crosses (cross 1-3) indicate that the Minute flies as well as chromosome-loss mosaics associated with these Minutes are viable, although to different degrees. In the following sections we will analyse the extent and location of the euploid and aneuploid (Minute) tissue in the mosaic adults.
H, Cell Competition Until Imaginal Disc Segregation
In regular gynandromorphs the different landmarks of the adult cuticle are equally frequent in male and female tissues (Garcia-Bellido and Merriam, 1969) . This indicates (1) that the clonal segregation of male and female nuclei took place in one of the first zygotic divisions, (2) that the spatial orientation of 34! Table 2 . Frequencies (%) with which landmarks are mutant in control gynandromorphs and in Minute mosaics (gynandromorphs and haplo-IV). Landmarks correspond to labelled positions in Figure 1 Landmarks
Control mosaics Minute mosaics
Male territories a Minute territories the mitotic spindle in the segregating division is random, (3) that cell proliferation rates in male and female tissue are equal throughout development and (4) that the mutants used as cell markers did not affect cell proliferation rate. Table 2 shows the frequencies of mutant landmarks indicated in Figure 1 . Whereas the average frequency of maleness for each landmark of regular gynandromorphs is around 49%, that of haplo-IV mosaics is lower (35%) and of M (2) territories in mosaics compared to control gynanders is probably due to the Minute condition which probably leads to growth competition between Minute and non-Minute proliferating cells during development.
In the following analysis we try to determine when growth competition between Minute and non-Minute cells begins. If it does not occur during the syncytial nuclear divisions or during the cellular blastoderm stage, prior to the segregation of the imaginal discs, we expect to find that the frequency and distribution of Minute and non-Minute imaginal disc anlagen will be the same as that found in control gynanders. Figure 2 shows the distribution of mutant adult segments (including the dorsal and the ventral imaginal discs of each segment). This figure shows that the distribution of mutant segments is similar on all euploid and aneuploid (Minute) types of mosaics. This finding supports the postulate that there is no detectable growth competition between the proliferating syncytial nuclei, and in addition shows that growth competition does not occur across embryonic segments prior to the segregation of imaginal disc primordia.
Although the distribution of mutant segments in M(4), M(2)c and M(1)Bld mosaics is similar to controls, it could be that the spatial distribution of the mutant territories may not be so. Thus, it could be expected that only those mosaic flies carrying the M" territories in certain regions of the body survive as mosaics. However, as seen in Table 2 the reduction in frequency is roughly the same for all the landmarks of a given genotype. This indicates that Minute territories can extend over any region of the body. Thus, the low viability of Minute mosaic flies could be the consequence of the presence of Minute territories causing a general deleterious effect similar to that in entirely Minute flies. Another possible explanation of the reduced viability of mosaics may be a functional desynchronization between fast-(M +) and slow-(M) growing tissues. In fact, some flies were found, especially mosaics of M(2)c (3 cases) or M(1)Bld (1 case), where the Minute regions in head and thorax were smaller than the complementary non-Minute regions. These size differences could result from premature metamorphosis caused by M + hormonal centres of the same fly acting upon incompletely grown Minute imaginal discs. It is interesting to note that non-Minute imaginal discs in these mosaic flies were of normal size, i.e. never larger than in wildtype flies. Table 3 shows the frequency with which different imaginal discs were mutant in mosaic flies. Only the data of controls (C1B/J ~6~) and of haplo-IV (M (4)) mosaics are sufficient for a comparative evaluation. Whereas the average frequencies of mutant and mosaic discs are the same in both systems, the discs of the head and thorax are less frequently classified as entirely mutant in Minute mosaics than in controls. This may reflect the existence of growth competition between M+/M § and M/M § cells in large imaginal disc anlagen which were initially mosaics.
IlL Growth Competition During Imaginal Disc Development
Possibly, as in the case of Minute mosaics resulting from mitotic recombination, the faster-growing M+/M + cells tend to reduce the final proportion of M/M + cells in discs or in compartments which were originally mosaic. We have analysed the extent of mutant spots in the anterior compartment of mosaic wing discs (Table 4 ). There are fewer marked landmarks, genetically Minute, in M(4) and M(2)c mosaics than marked landmarks in non-Minute territories in controls. An analysis of the distribution of mutant landmarks in the adult pattern shows that mutant cells seem to have no preferential location in the disc (Table 5 ). In mosaic compartments the Minute territories frequently appear attached to the compartment boundary, but may also appear isolated in the middle of the compartment (Fig. 3) . This finding agrees with the notion that cell proliferation is exponential and intercalary over the entire imaginal disc (Garcia-Bellido and Merriam, 1971) .
The following analysis evaluates the effect of early Minute mosaicism upon the definition of compartment boundaries within the derivatives of the wing imaginal disc. Unfortunately, the only experiment which yielded enough well marked mosaics to permit such an analysis was cross 2, in which the haplo-IV territories (M(4)) were labelled with sv d~. This cell marker marks chaeta-bearing structures including the chaetae of the margin of the wing. Compartment boundaries have been defined in Minute mosaics from mitotic recombination by Table 5 . Number of times several landmarks of the anterior or posterior compartment of the wing disc were mutant, in mosaic discs of different genetic classes. Landmarks as in Figure 1 Classes of mosaics Landmarks in 6  26  6  9  1  7  25  4  16  1  8  25  4  16  1  9  26  5  7  0  10  28  4  7  0  11  29  5  7  2  12  28  5  8  0  13  33  6  7  0  I4  32  5  7  0  15  28  6  8  0  16  27  7  12  3  17  24  5  11  2  18  26  3  8  1  19  27  6  8  2   Posterior  n=25  n=4  n= 11  n= 1   20  10  1  4  1  21  13  1  4  1  22 13 3 8 l n = number of mosaic compartments analysed A. Ferrtis and A. Garcia-Bellido Table 6 . R coefficients between pairs of landmarks in mosaic wing discs. For comparison, R coefficients between pairs of landmarks at both sides of known compartment boundaries and pairs of neighbouring landmarks not separated by restrictions (controls) are given. Landmarks as in Figure 1 Landmarks Based on 50R(1)2[y) d6a mosaic wing discs and 35M(4) mosaic wing discs marked with y and f36a b marked with sv de D=dorsal; V=ventral; N=notum; W=wing; A=anterior; P=posterior; Sc=scutum; Scl=scutelum; ADC and PDC= anterior and posterior dorsocentral chaetes the existence of fixed mosaic borders along certain features of the adult cuticle (Garcia-Bellido et al., 1976) . A numerical coefficient of restriction (R) for a pair of landmarks on both sides of these lines was defined as the fraction of cases in which both landmarks differ in phenotype, among cases where either or both are mutant. In Minute clones initiated after blastoderm-formation, R= 1 values denote the existence of a restriction between the presumptive cells of both landmarks at the time of the initiation of the clones. In the present analysis clones are initiated prior to any developmental restriction, and therefore R can never reach the value of 1. However, high R values compared to R values calculated from data of control gynanders indicate the existence of restrictions occurring some time during the development of the disc. In Table 6 we present the R coefficients for control gynanders and M(4) mosaics, for certain pairs of landmarks from Figure 1 . These correspond to pairs located at both sides of known compartment boundaries and, as controls, to pairs of neighbouring landmarks not known to be separated by clonal restrictions (Garcia-Bellido et al., 1976; Garcia-Bellido and Ferrfis, 1975) . The data confirm the assumption that early Minute mosaicism caused by chromosome loss can be used to detect developmental restrictions occurring later in development.
Finally, we have tried to see whether this approach can be used to infer the existence of restriction lines in systems where no restrictions have been reported. The work of Steiner (1976) on compartmentalization of the leg discs, using mitotic recombination clones of M + cells, could detect anterior-posterior and dorsal-ventral demarcation lines along the leg appendage but no clear transverse restrictions. We tried to find whether such transverse restrictions could be detected with the present technique. To that end, borders of either f16 (controls) or sv de (M(4) ) clones between segmental joints, or anywhere within segments, have been recorded and R coefficients between pairs estimated (Fig. 4) . From the comparison of these R coefficients, a clonal restriction between femur and trochanter is suggested. In haplo-IV mosaics, the R coefficient for pairs of landmarks in this joint is significantly higher than in other joints and regions of the leg. The same restriction is indicated in regular gynandromorphs. No other transverse restrictions along the leg can be inferred from these data.
Discussion
The work of Ripoll (1975) and Ferrfis (1975) This property was discovered in mitotic recombination clones initiated at different times after blastoderm-formation and was used to reveal the existence of restrictions occurring at different stages in the development of these discs. The restrictions were visualised as fixed demarcation lines separating regions and sub-regions ("compartments") of the adult cuticular derivatives of these discs (Garcia-Bellido et al., 1973 , 1976 Steiner, 1976; Baker, 1977) . The experiments described above show that preblastodermal chromosome loss causing Minute mosaics is expressed in mosaic imaginal discs, defining the known demarcation lines of compartments. It is reasonable to assume that the underlying mechanism in both preblastoderm and postblastoderm mosaics is that growth competition between M +/M + and M/M + proliferating cells can operate only within compartments. As mentioned above (see also Garcia-Bellido et al., 1976) , compartment boundaries are numerically defined by the fraction of mosaics separating any two regions among the total of mosaics affecting either or both regions (R coefficients). However, the events resulting in Minute mosaicism in mitotic recombination clones and in clones caused by early chromosome loss affect the quantitative evaluation of compartment boundaries. Whereas in postbtastoderm mosaics clones will respect any restrictions that have taken place before their initiation, in preblastoderm mosaics the clone has started before any compartmentalization. As a consequence, in preblastoderm mosaics restriction will never be defined unequivocally (R=I). Thus, only a comparison of R values between Minute preblastoderm mosaics and regular gynanders can be used as an indication for the existence of postblastoderm restrictions. It is interesting, therefore, to notice that whenever the anlage is a haplo-diplo Minute mosaic, the demarcation lines drawn upon the adult cuticle follow, over larger stretches, the same lines of compartment boundaries detected in diploid Minute mosaics. As expected, the extent of the compartment boundary followed by the mosaic border is larger in Minute mosaics than in regular gynanders, and possibly the larger it is, the stronger is the Minute condition generated. This consideration is of interest for a possible analysis of demarcation lines in organs not yet studied by Minute mosaicism (see below).
The possibility of detecting compartment boundaries depends on differential mitotic rates between cells and this, in turn, depends on the occurrence of cell proliferation between the moment of the formation of the mosaic anlage and the final formation of the organ to be studied. Thus, the fact that the fraction of mutant discs in Minute preblastoderm mosaics is similar to that found in regular gynandromorphs strongly suggests that there is no competition or differential mitotic rate among the syncytial nuclei prior to the segregation of the different imaginal disc primordia. The same analysis applied to segments as a whole has yielded analogous results. This finding could be interpreted as indicating that there is no growth competition among blastoderm cells belonging to different segments, or, alternatively, that embryonic segments correspond to compartments. The establishment, in the 4 hr blastoderm, of clonal restrictions between segments and between anterior and posterior compartments within the discs of the thoracic segments (Steiner, 1976; Lawrence and Morata, 1977) strongly supports the latter assumption. However, in all cases the analysis has been done on a sample of the blastoderm cells, namely the presumptive imaginal disc derivatives, and they may not be representative of all the presumptive cell types present in the embryonic segment. In fact, it is possible that imaginal discs become segregated from the surrounding blastoderm cells prior to possible segmental segregation for other germ layers. The appearance of early (blastoderm) clonal restrictions between larval abdominal segments in OncopeItus (Lawrence, 1973) and the segmental transformations caused by mutants of the bithorax series of Drosophila upon several germ layer derivatives (Lewis, pers. communication) strongly supports the notion that developmental restrictions occur for embryonic segments, similar to those which affect disc compartmentalization.
It has been recently found that compartment boundaries can readily be defined in gynanders with male territories mutant for a temperature-sensitive lethal that causes reduced mitotic rate under restrictive conditions (Simpson, 1976 ). This and the present technique of Minute mosacism caused by early chromosome loss may be useful to ascertain precisely whether blastoderm segments, and the germ layers derived from them, behave as compartments. The coupling of both cuticular and internal (enzymatic) cell markers to preblastoderm Minute mosaics will facilitate the rapid definition of compartmentalization in the different kinds of tissues and organs of Drosophila.
